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(57) ABSTRACT

A laundry treatment apparatus includes a casing, an outer tub
suspended 1n the casing, and a pair of horizontal vibration
buflering devices arranged to form opposite angles relative
cach other in the casing, the horizontal vibration buflering
devices each coupling a predetermined support disposed
outside the outer tub with the outer tub and each having a
portion connected with the outer tub to be displaced relative
a portion connected with the predetermined support as the
outer tub vibrates, where the pair of horizontal vibration
buflering devices each provide an attenuation force accord-
ing to the displacement.

21 Claims, 22 Drawing Sheets
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FIG. 8
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FIG. 12
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FIG. 13
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FIG., 14
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FIG. 195
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1
LAUNDRY TREATMENT APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the prionity benefit of Korean
Patent Application Nos. 10-2013-0086225, filed on Jul. 22,
2013, and No. 10-2013-0086301, filed Jul. 22, 2013, the
disclosure of each 1s incorporated herein by reference 1n
their entireties.

BACKGROUND

1. Field

The present disclosure relates to a laundry treatment
apparatus having an outer tub with reduced horizontal
vibration.

2. Description of the Related Art

A typical laundry treatment apparatus treats laundry by
applying physical or chemical actions to the laundry and
includes a washer that removes dirt from the laundry, a
dehydrator that rotates, at high speed, the washing tub
containing the laundry to dehydrate the laundry, and a dryer
that supplies cool or hot air into the washing tub to dry the
wet laundry.

A typical laundry treatment apparatus includes an outer
tub supported and hung by a supporting rod in the casing and
an inner tub rotating in the outer tub with laundry (or
clothes) contained therein. A washer sometimes further
includes a pulsator (or washing blades) that rotates 1n the
inner tub. Such a configuration may cause the outer tub to
vibrate when the pulsator spins. Accordingly, a typical
laundry treatment apparatus has a device for mitigating
vibration of the outer tub.

Conventionally, a buflering device 1s provided to connect
the supporting rod with the outer tub. However, the buflering,
device primarily plays a role to reduce vertical vibration of
the outer tub and does not work well enough to lessen
horizontal vibration.

The recent trend of maximizing the volume of the outer
tub without increasing the overall size of the laundry treat-
ment apparatus, 1 order to increase use of the residential
space leads to a decreased gap between the casing and the
outer tub. However, as the gap between the casing and the
outer tub decreases, the horizontal vibration 1s more likely to
cause collision between the outer tub and the casing. Thus,
a need exists for methods for effectively reducing the
horizontal vibration of the outer tub.

SUMMARY

According to an embodiment of the present invention, a
laundry treatment apparatus comprises: a casing: an outer
tub suspended 1n the casing; and a pair of horizontal vibra-
tion buflering devices arranged to form opposite angles
relative each other in the casing, the horizontal vibration
buflering devices each coupling a predetermined support
disposed outside the outer tub with the outer tub and each
having a portion connected with the outer tub to be displaced
relative a portion connected with the predetermined support
as the outer tub wvibrates, wherein the pair of horizontal
vibration bullering devices each provide an attenuation force
according to the displacement.

According to another embodiment of the present mnven-
tion, a laundry treatment apparatus comprises: a casing; an
outer tub suspended 1n the casing; and four horizontal
vibration buflering devices, wherein a pair of the horizontal
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vibration builering devices are arranged 1n the casing to face
another pair of the horizontal vibration buflering devices to

form opposite angles relative each other, each of the hori-
zontal vibration buflering devices coupling a predetermined
support positioned outside the outer tub with the outer tub,
wherein a portion of each horizontal vibration buflering
device connected with the outer tub relative a portion of each
horizontal vibration buflering device connected with the
predetermined support has a displacement as the outer tub
vibrates, and wherein each of the four horizontal vibration
buflering devices provides an attenuation force according to
the displacement.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and other advan-
tages ol embodiments of the present invention will be more
clearly understood from the following detailed description
taken 1n conjunction with the accompanying drawings, in
which:

FIG. 1 1s a view illustrating the inside of a washer
according to an embodiment of the present invention;

FI1G. 2 1s a view of the washer shown 1n FIG. 1, as viewed
from above, which schematically illustrates, 1n particular, a
cabinet, an outer tub, and supporting rods;

FIG. 3 1s a side view of the outer tub shown 1n FIG. 2;

FIG. 4 1s a free-body diagram in a spring-damper-mass
system;

FIG. § 1s a view 1llustrating the configuration of horizontal
vibration buflering devices of a washer according to a first
embodiment of the present invention;

FIG. 6 1s a view 1illustrating the configuration of horizontal
vibration buflering devices of a washer according to a
second embodiment of the present invention;

FIG. 7 1s a view 1llustrating the configuration of horizontal
vibration buflering devices of a washer according to a third
embodiment of the present invention;

FIG. 8 1s a view 1llustrating the configuration of horizontal
vibration buflering devices of a washer according to a fourth
embodiment of the present invention;

FIG. 9 1s a view 1llustrating the configuration of horizontal
vibration builering devices of a washer according to a fifth
embodiment of the present invention;

FIG. 10 1s a view 1illustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
a sixth embodiment of the present invention;

FIG. 11 1s a view illustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
a seventh embodiment of the present invention;

FIG. 12 1s a view 1llustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
an eighth embodiment of the present invention;

FIG. 13 1s a view 1llustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
a ninth embodiment of the present invention;

FIG. 14 1s a view illustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
a tenth embodiment of the present 1nvention;

FIG. 15 1s a view 1llustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
an eleventh embodiment of the present invention;

FIG. 16 1s a view 1llustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
a twelfth embodiment of the present invention;

FIG. 17 1s a view 1llustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
a thirteenth embodiment of the present mnvention;
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FIG. 18 1s a view 1llustrating the configuration of hori-
zontal vibration buflering devices of a washer according to

a Tourteenth embodiment of the present invention;

FIG. 19 1s a view illustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
a fifteenth embodiment of the present invention;

FIG. 20 1s a view 1llustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
a sixteenth embodiment of the present invention;

FIG. 21 1s a view 1llustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
a seventeenth embodiment of the present invention; and

FIG. 22 1s a view 1llustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
an eighteenth embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Advantages and features of embodiments of the present
invention and a method of achieving the same will be more
clearly understood from embodiments described below with
reference to the accompanying drawings. However, the
present mnvention 1s not limited to the following embodi-
ments but may be implemented in various different forms.
Wherever possible, the same reference numbers will be used
throughout the specification to refer to the same or like parts.

Hereinaliter, a washer 1s described as an example of the
laundry treatment apparatus. However, the scope of the
present mvention 1s not limited thereto.

FIG. 1 1s a view 1llustrating the inside of a washer
according to an embodiment of the present invention. Refer-
ring to FIG. 1, the washer according to an embodiment of the
present mvention includes a casing 10 forming an outer
appearance of the washer, a control panel 11 having manipu-
lation keys for recetving various control commands from a
user and a display for displaying information on the opera-
tional state of the washer to provide a user interface, and a
door 7 rotatably provided at the casing 10 to open and close
an entrance/exit hole (not shown) through which laundry 1s
entered or exited.

An outer tub 2 containing washing water 1s hung at the
inside of the casing 10 by a supporting rod 15. An inner tub
3 receiving laundry 1s rotatably provided 1n the outer tub 2,
and a pulsator 4 1s rotatably provided on the bottom of the
inner tub 3. The mner tub 3 includes a plurality of holes
through which washing water passes.

The casing as defined herein may be of any type as long
as 1t forms the outer appearance of the washer. In particular,
the casing 1s preferably a fixture that does not move so that
an end of the supporting rod 15 hanging the outer tub 2 may
be fixed by the casing.

The casing 10 may include a main body 12 having an
upper side opened, a base 19 supporting the main body 12,
and a top cover 14 provided at the upper side of the main
body 12 and having, substantially at a middle part thereof,
an entrance/exit hole through which laundry 1s entered or
exited.

A pivot support 16 1s fixed to the casing 10 to provide
support so that an end of the supporting rod 15 may pivot
within a predetermined range. The pivot support 16 may be
fixed by either the main body 12 or the top cover 14.

Another end of the supporting rod 15 1s connected with
the outer tub 2 by a vertical vibration buflering device 30.
The vertical vibration buflering device 30 attenuates the
vertical vibration of the outer tub 2 that occurs when the
washer operates. Vertical vibration buflering device 30 may
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include a cap 31 fixed to an outer side surface of outer tub
2 and a spring 32 elastically deformed as the outer tub 2
vibrates. Supporting rod 15 penetrates cap 31. Supporting
rod 15 has, at its end, a spring support 33 for supporting
spring 32.

When outer tub 2 vibrates, cap 31, together with outer tub
2, moves up and down along supporting rod 15. While cap
31 moves together with outer tub 2, a bullering action 1s
exerted by a Irictional force between cap 31 and spring
support 33, a viscous force generated while the air com-
pressed as cap 31 moves out of the space between the inner
circumierential surface of cap 31 and spring support 33, and
clastic/restoring force as spring 32 elastically deforms.

Meanwhile, the other elements denoted with the reference
numerals shown in FIG. 1 are described. A water supply path
5 1s connected with an external water source, e.g., a faucet,
to supply water to the 1nside of outer tub 2 and/or inner tub
3. A water supply valve 6 switches on/ofl the water supply
path 5. A driver 13 drives inner tub 3 and/or the pulsator 4.
A water discharge path 9 discharges washing water from the
inside of outer tub 2. A water discharge valve 8 switches
on/oil water discharge path 9. A water discharge pump 17
pumps the washing water discharged to water discharge path
9 to the outside of the washer.

FIG. 2 1s a view of the washer shown 1n FIG. 1, when
viewed Ifrom above. In particular, FIG. 2 schematically
shows the cabinet, outer tub, and supporting rod. FIG. 3 1s
a side view of the outer tub shown 1n FIG. 2.

Belore detailing embodiments of the present invention,
the terms are first defined 1n connection with FIGS. 2 and 3.

C1, C2, C3, and C4, respectively, denote four corers of
a main body 12. An end of supporting rod 15 1s pivotably
connected with each corner. Such points are hereinafter
referred to as corners (C), and the four corners, respectively,
are denoted C1, C2, C3, and C4.

N, N~,, N~;, and N, are points on any circumierence
taken from the outer tub 2 and are points spaced apart from
cach other at substantially the same distance. These points
are oriented towards the corners as viewed from the hori-
zontal plane, and thus, are denoted corner facing points N
heremnafter. The four corner facing points, respectively, are
denoted N, N, N, and N,.

FIG. 2 illustrates the position of the points on the hori-
zontal plane as outer tub 2 1s viewed from above. Thus,
although the circumierence taken from outer tub 2 varies,
the position of each point 1s shown as the same one 1n FIG.
2. However, the position of each point has a height in the
vertical direction, and accordingly, the circumierences
where the points, respectively, are arranged need to be
shown. For this, the points have denotations U and L to
distinguish each point from another, and such denotations
are also used to denote relative heights between the com-
ponents.

Specifically, 1n case two different circumierences U and L
from each other are taken from outer tub 2, N~,, N, N 3.
and N, 1n FIG. 3 may be denoted, on the circumference U,
(Neiy U), (Neo, U), (Ngs, U), and (Ngy, U), respectively,
which are heremafter referred to as upper corner facing
points (N, U). Likewise, the points on the circumierence L
may be denoted (N, L), (N~,, L), (N3, L), and (N, L),
respectively, which are hereinafter referred to as lower
corner facing points (N, L). Here, the term “upper” or
“lower™ 1s used to merely define a relative position between
points, and are not limited to specific positions. Hereinaftter,
the terms “upper” and “lower” which are used without
referring to two points whose heights are compared with
cach other are referred to as upper side and lower side,
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respectively, with respect to a middle position (M, refer to
FIG. 3) in the vertical direction of outer tub 2.
Preferably, the circumierence U may be taken from an

upper side of the position M, and the circumierence L may
be taken from a lower side of the center of mass (M), but the
present mvention 1s not limited thereto.

The comer facing points N, are arranged at the same
distance along the circumierence, and in particular, since
outer tub 2 1s hung by four supporting rods 15 connected to
the lower comer facing points, supporting rods 15 are
positioned balanced without being biased to a side with
respect to the corner facing points in the normal state where
no separate external force 1s applied. That 1s, the tangent to
the circumierence at each corner facing pomnt N, N,
N5, and N, on the horizontal surface 1s substantially
perpendicular to supporting rod 15. FIG. 2 shows an
example where the tangent T to the circumierence at the
corner facing point N, 1s perpendicular to supporting rod
15 connecting the corner facing point N, with the corner

C1. Thais 1s also true for supporting rods 15 provided at other
corners C2, C3, and C4.

L1, L2, L3, and L4, respectively, refer to sides of main
body 12, and N,,, N,,, N,,, and N,, are defined as the
closest points to the sides L1, L2, L3, and L4, respectively,
on the circumierence of outer tub 2. These points are
heremnafter referred to as side nearby points (N, ), and the
tour side nearby points are denoted N, ,, N,,, N, ., and N, ,
respectively.

An end of a honizontal vibration buflering device 1s
connected with outer tub 2, but according to an embodiment,
the other end thereof i1s connected with a predetermined
support disposed outside outer tub 2. Any support may be
adopted as long as 1t may be connected with the horizontal
vibration buflering device. In particular, outer tub 2 has a
displacement with respect to the support when vibrated.
Casing 10 or supporting rod 15 may be an example of the
support.

Hereinafter, a portion of the horizontal vibration buflering
device, which 1s connected with outer tub 2, 1s denoted an
outer tub connecting part, and another portion thereof, which
1s connected with the support, 1s denoted a support connect-
ing part. The support connecting part may include a sup-
porting rod connecting part and a casing connecting part,
according to embodiments. The supporting rod connecting
part 1s defined as a portion of the horizontal vibration
buflering device, which 1s connected with supporting rod 15,
and the casing connecting part 1s defined as a portion of the
horizontal vibration bullering device, which 1s connected
with casing 10.

When outer tub 2 has a displacement due to vibration, the
distance between the outer tub connecting part and the
casing connecting part may vary depending on a displace-
ment of a damper constituting the horizontal vibration
buflering device—travelling distance of the piston with
respect to the cylinder (refer to FIG. 4(b)) or travelling
distance of a frictional member (refer to FIG. 4(c))—or the
deformed distance of the spring (refer to FIG. 4(a)).

However, the travelling direction of outer tub 2 due to
vibration continues to vary, and in this case, the outer tub
connecting part moves alongside outer tub 2. Accordingly, 1n
order to reduce interference between the outer tub connect-
ing part and outer tub 2 or between the casing connecting
part and casing 10, 1t 1s preferable that the outer tub
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connecting part 1s rotatably coupled with outer tub 2 and the
casing connecting part 1s rotatably coupled with casing 10.
In the following embodiments, unless mentioned otherwise,
the outer tub connecting part 1s rotatably coupled with outer
tub 2, and the casing connecting part 1s rotatably coupled
with casing 10.

FIG. 4 1s a free-body diagram in a spring-damper-mass
system.

Generally, a movement of a mechanical system may be
predicted through interpretation of a simplified mathemati-
cal model having spring, damper, and mass as 1ts elements,
1.€., a spring-damper-mass system. The spring means stifl-
ness of the system, the damper means a reaction to an action
such as friction or attenuation, and the mass means resis-
tance or inertia to acceleration.

As mentioned heremaftter, the “buflering device” includes
at least one of a damper and a spring to mitigate vibration of
outer tub 2.

The spring may be defined as a mechanical element that
may absorb or store energy using an elastic force that, when
the element 1s deformed by application of a force, enables
the element to move back to 1ts original position.

Retferring to FIG. 4(a), the stifiness of the spring 1s
expressed as a relation between a force F extending and
contracting the spring and a deformed length x, and the
spring stiflness may be represented as follows 1n case the
deformation of the spring 1s 1n proportion to the force
exerted to the spring, like the case of a linear spring:

F=kx

k 1s a spring constant. As k increases, the force required
to extend and contract the spring also increases, and this 1s
referred to as the “stiflness 1s large.” In view of energy, the
spring stores energy when deformed and discharges energy
when returning to the original position.

The damper 1s a device that absorbs vibrational energy,
and 1n particular, 1s defined as a mechanical element to
mitigate vibration or shock by scattering energy. While the
spring continues to vibrate due to repetition of deformation
and restoration, the damper dissipates energy by active
frictional actions.

The damper creates an attenuation force (or resistance
force) 1n an opposite direction of a displacement of an
object, which 1s generated according to the vibration. Such
attenuation force may include a drag force that 1s exerted
from a fluid when an object moves 1n the fluid and a friction
force that 1s exerted when attempting to move an object
against friction.

FIG. 4(b) schematically shows such a type of damper that
utilizes a drag force exerted from a fluid, wherein when a
piston 1s on the move 1n the cylinder filled with the fluid,
resistance 1s created when the fluid exits through a narrow
gap. The resistance force at this time 1s generated primarily
due to the viscosity of the fluid. The resistance force F 1s
proportional to the velocity v.

- (dx]
-cv_c:EE

Here, ¢ 1s a viscous damping coeflicient, and as c
increases, the resistance force also increases.

FIG. 4(c) schematically shows such a type of damper that
utilizes a friction force, wherein as a relative movement

occurs between the piston and the cylinder due to the
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vibration ol an object, a resistance force i1s created by a
frictional member acting between the cylinder and the
piston. The resistance force at this time 1s primarily a kinetic
friction force, and the resistance force F 1s proportional to
the drag force acting on the contacting surface from the
frictional member.

=N

Here, 1, 1s a kinetic friction coetlicient.

The type of damper utilizing a drag force exerted from a
fluid (refer to FI1G. 4(b)) and the type of damper utilizing a
friction force (refer to FIG. 4(c)) both have an attenuation
force increasing in proportion to a coeflicient (viscous
damping coeflicient ¢ or kinetic friction coeflicient u, ), and
in this point of view, have common features. Heremafiter, the
viscous damping coeflicient or kinetic friction coeflicient 1s
defined as attenuation coeltlicient.

FI1G. 4(d) schematically shows a motion of mass, wherein
as the mass increases, the force required to generate a certain
acceleration increases. According to Newton’s second law,
the relation between force F and acceleration a 1s F=ma,
where the proportional coeflicient between the force and the
acceleration 1s mass m.

dv d*x
F=ma= m(a] = m(ﬁ]

Here, the force finally exerted to the mass, m, 1s the
external force F from which the attenuation force (F ;) from
the damper and the elastic force (F.) from the spring are
excluded. That 1s, 1t may be appreciated that as the mass m
1s considered as corresponding to outer tub 2, the force
causing outer tub 2 to vibrate has an amount from which the
attenuation force of the damper constituting the horizontal
vibration buflering device and the elastic force of the spring
have been excluded.

In the system, energy 1s required to deform the spring,
accelerate the mass, and make the damper act. Although the
mass and the spring may regain energy, the damper’s energy
1s consumed out.

The spring, when deformed, retains energy, and when
restored to 1ts original position, releases energy. At this time,
the energy E_retained by the spring as the spring 1s deformed
by displacement x 1s 12 kx 2. Since F=kx, the spring energy
may be expressed as follows:

oo ] F?
T2k
When an object moves at speed v, the mass retains the

energy 1n the form of kinetic energy (E,). This energy 1is
released when the mass stops moving.

Ev = —my*
kK=o

The damper consumes the energy in the form of heat or
noise without retaining. The damper, when the external force
exerted thereto 1s removed, does not return to 1ts original
position. In the case of damper performing an attenuating,
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tunction by the viscosity of a tluid, the power P, dissipated
by velocity v may be represented as follows:

P,=cv’

In the case of damper dissipating vibrational energy in the
form of friction energy, the friction energy (E,) may be
represented as follows:

E = JF {x)dX

In the following embodiments described in connection
with FIGS. 5 through 22, although not shown 1n the draw-
ings, supporting rod 15, unless mentioned otherwise, is
deemed as connected with outer tub 2 by way of a vertical
vibration buflering device 30.

The spring-damper-mass system described thus far may
be used to interpret the vibration of outer tub 2. The force to
mitigate vibration of the mass, m, of the components hung
in casing 10 by supporting rods 15 comes from the attenu-
ation force (F ;) and/or elastic force (F ) of the damper and/or
spring, respectively, constituting the horizontal vibration
buflering device.

FIG. 5 shows a configuration of a horizontal vibration
buflering device of a washer according to a first embodiment
of the present invention. Referring to FIG. 5, in the washer
according to this embodiment, each cormer C 1s connected
with the lower part L of outer tub 2 by supporting rod 15, and
cach corner C 1s connected with the upper part U of outer tub
2 by horizontal vibration buffering device 100. At this time,
the supporting rods 15 may be connected to the lower corner
facing points N, L on the circumierence L of outer tub 2,
and horizontal vibration buflering devices 100 may be
connected to the upper corner facing points N, U on the
circumierence U.

In the instant embodiment, the horizontal vibration butl-
ering devices 100 are positioned symmetrical to each other
with respect to the center of outer tub 2, 1.e., the horizontal
vibration buflering devices 100 are provided to form oppo-
site angles with respect to the center of outer tub 2. Two
horizontal vibration buflering devices 100(1) and 100(3) or
100(2) and 100(4) or four horizontal vibration buiflering
devices 100(1), 100(2), 100(3), and 100(4) may be provided.

In case two horizontal vibration buflering devices (for
example, 100(1) and 100(3)) are present, any one 100(1)
thereol may connect the corner C1 with the upper comer
facing point N ,, U, and the other 100(3) may connect the
corner C3 with the upper corner facing point N.,, U.

In one embodiment, when the two horizontal vibration
buflering devices 100(1) and 100(3) are arranged to form
opposite angles with respect to each other, any one 100(1)
may 1clude a damper, and the other 100(3) may include a
spring. Since the damper and the spring are arranged to form
opposite angles with respect to each other, if outer tub 2
vibrates, and thus, the damper has a displacement in any one
direction, an elastic force 1s accumulated i1n the spring,
which 1s used to return the damper to the original position.

The opposite-angle arrangement between the spring and
the damper may also apply to the case where four horizontal
vibration buflering devices 100(1), 100(2), 100(3), and
100(4) are provided, and in such case, any one of the two
horizontal vibration buflering devices arranged to form
opposite angles with respect to each other may include a
spring while the other may include a damper.

Meanwhile, according to an embodiment, horizontal
vibration buflering devices that provide an attenuation force
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as outer tub 2 1s vibrated may be arranged to form opposite
angles with respect to each other.
For example, in case two horizontal vibration buflering

devices are provided to form opposite angles with respect to
cach other, each horizontal vibration builering device pro-
vides an attenuation force according to a displacement of an
outer tub connecting part with respect to a support connect-
ing part connected with supporting rod 15 or support (casing
2) disposed outside outer tub 2.

10

the outer tub connecting part with respect to the support
connecting part 1s 1dentical.

Table 1 summarizes the configurations of the four hori-
zontal vibration bullering devices. D means a damper, and S
means a spring. D+S or D+S1 (or S2) means that one
horizontal vibration buflering device includes both a damper
and a spring, and the damper and the spring may be
connected with each other in series or parallel with each
other. Springs S1 and S2 may have different coeflicient
spring constants from each other (kl1=k2).

TABLE 1

Configuration 1 Configuration 2 Configuration 3 Configuration 4 Configuration 5 Configuration 6 Configuration 7

D

Horizontal D

vibration
buffering

device

(100(1), 200(1),
100a(1), 200a(1)
or 300(1))
Horizontal
vibration
buffering

device

(100(2), 200(2),
100b(1), 200b(1)
or 300(2))

Horizontal S
vibration

buffering

device

(100(3), 200(3),
100a(3), 200a(3)
or 300(3))
Horizontal S S
vibration
buffering

device

(100(4), 200(4),
100b(3), 200b(3)
or 300(4))

It 1s preferable that each horizontal vibration buflering
device provides the same attenuation force when the dis-
placement 1s 1dentical. Each of the horizontal vibration
buflering devices may include a damper that oflers an
attenuation force according to a displacement of the outer
tub connecting part with respect to the support connecting,
part, and each damper may have the same attenuation
coellicient. Here, the phrase “horizontal vibration builering
device includes a damper” does not necessarily mean that
the horizontal vibration buflering device includes only a
damper. The horizontal vibration bullering device may also
include a spring as well as a damper. In such case, however,
the dampers provided in the pair of horizontal vibration
butlering devices have the same attenuation coetlicient so as
to provide the same magnitude of attenuation force when the
displacement of the outer tub connecting part with respect to
the support connecting part 1s 1dentical.

In case four horizontal vibration buflering devices 100(1),
100(2), 100(3), and 100(4) are provided, the horizontal
vibration buflering devices all may offer an attenuation
force. Each of the four horizontal vibration bullering devices
100(1), 100(2), 100(3), and 100(4) may include a damper.

Preferably, among the four horizontal vibration buflering
devices, any pair of horizontal vibration bufllering devices
arranged to form opposite angles with respect to each other
may have the same attenuation coeilicient, so that they may
provide the same attenuation force when the displacement of

D+ S

D+ S

40

45

50

55

60

65

D D+3S D+ 51 D
D D+3S D+ 82 D
D+3S D+3S D+ 51 D
D+ 85 D+ 85 D+ 82 D

Horizontal vibration buflering devices 100 may have
outer tub connecting parts and casing connecting parts. The
outer tub connecting parts are connected with an upper part

U of outer tub 2, in particular with upper corner facing
points. In FIG. 5, J(N,,, U), J(N.,, U), J(N_;, U), and
I(N,,, U) denote the outer tub connecting parts of the
horizontal vibration buflering devices 100(1), 100(2), 100
(3), and 100(4), respectively.

The casing connecting part may be connected with the
corner C of the casing 10. In FIG. 5, J(C1), J(C2), J(C3), and
J(C4) denote the casing connecting parts of the horizontal
vibration buflering devices 100(1), 100(2), 100(3), and
100(4), respectively.

FIG. 6 1llustrates the configuration of horizontal vibration
buflering devices of a washer according to a second embodi-
ment of the present mnvention.

In the laundry treatment apparatus according to an
embodiment of the present invention, the same description
given for the embodiments described above 1in connection
with FIGS. 1 to 5 may apply to the configuration and mutual
relation 1n arrangement between the plurality of horizontal
vibration buflering devices except that the horizontal vibra-
tion bullering devices 200 each include a supporting rod
connecting part J(R). In FIG. 6, J(R1), J(R2), J(R3), and
I(R4), respectively, denote the respective supporting rod
connecting parts (J(Rn), n=1, 2, 3, and 4) of the horizontal
vibration buflering devices 200(1) 200(2), 200(3), and
200(4).
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The supporting rod connecting part J(R) 1s provided to be
able to move along supporting rod 15. For example, any one
of a piston and a cylinder constituting a damper 1s connected
with outer tub 2, and the other 1s connected with supporting
rod 15, so that the supporting rod connecting part J(Rn) may
be moved along supporting rod 15 as the distance between
the piston and the cylinder varies.

Further, horizontal vibration buflering device 200 may be
rotated about supporting rod connecting part J(Rn). In such
case, the supporting rod connecting part J(Rn) moves and
rotates, and thus, has a degree of freedom of at least 2 (refer
to FIG. 6(b)).

The springs or dampers constituting horizontal vibration
buflering devices 200(1), 200(2), 200(3), and 200(4) may
have the combinations as shown in Table 1.

FI1G. 7 1llustrates the configuration of horizontal vibration
buflering devices of a washer according to a third embodi-
ment of the present invention.

In the washer according to this embodiment, horizontal
vibration buflering devices 100 are connected with points on
any circumiference taken from outer tub 2, and an acute
angle a 1s formed between the tangent T to the circumier-
ence and the horizontal vibration buflering device 100 on the
horizontal surface.

A plurality of horizontal vibration buflering devices 100
may be provided, and the plurality of horizontal vibration
buflering devices include at least one pair of horizontal
vibration bullering devices 100(1) and 100(3) or 100(2) and
100(4) that are arranged to form opposite angles with respect
to each other.

Preferably, the outer tub connecting parts of the horizontal
vibration buflering devices 100(1) and 100(3) or 100(2) and
100(4) are connected with the upper part U of outer tub 2.
In FIG. 7, each horizontal vibration buflering device 100(1),
100(2), 100(3), or 100(4) has an outer tub connecting part
JI(N,,, U), JIN,,, U), I(N,5, U), or J(N,,, U) connected with
the upper side nearby point, but without limited thereto, may
be connected with any point between the corner facing point
Nc and the side nearby point N,.

The same description given in connection with Table 1
may apply to any combinations of the dampers D and
springs S constituting the horizontal vibration buflering
devices 100(1), 100(2), 100(3), and 100(4), and detailed
description thereof 1s skipped.

Among the horizontal vibration buflering devices 100(1),
100(2), 100(3), and 100(4), the ones connected with their
opposite corners are arranged symmetrically with respect to
the center of outer tub 2. Horizontal vibration buflering
device 100(1) and horizontal vibration buflering device
100(3) are arranged to be symmetrical with each other, and
horizontal vibration bullering device 100(2) and horizontal
vibration buflering device 100(4) are arranged to be sym-
metrical with each other.

FIG. 8 1llustrates the configuration of horizontal vibration
buflering devices of a washer according to a fourth embodi-
ment of the present invention.

The description given above 1n connection with the third
embodiment may likewise apply to the configuration and
mutual relation in arrangement between the plurality of
horizontal vibration buffering devices according to this
embodiment except that the horizontal vibration bufllering
devices 200(1), 200(2), 200(3), and 200(4) have supporting
rod connecting parts J(R1), J(R2), J(R3), and J(R4), respec-
tively.

The supporting rod connecting parts J(R1), J(R2), J(R3),
and J(R4) are provided movably along supporting rods 15.
For example, any one of a piston and a cylinder constituting
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a damper 1s connected with outer tub 2, and the other is
connected with supporting rod 15, so that the supporting rod
connecting part J(R1), J(R2), J(R3), or J(R4) may be moved
along supporting rod 135 as the distance between the piston
and the cylinder varies.

Further, horizontal vibration buflering device 200(1), 200
(2), 200(3), or 200(4) may be rotated with respect to the
supporting rod connecting part J(R1), J(R2), J(R3), or J(R4).
If the supporting rod connecting part J(R1), J(R2), J(R3), or
J(R4) both moves and rotates, it has a degree of freedom of
at least 2.

Among horizontal vibration buflering devices 200(1),
200(2), 200(3), and 200(4), the ones connected with their
opposite corners are arranged to be symmetrical with each
other with respect to the center of outer tub 2. Horizontal
vibration buflering device 200(1) and horizontal vibration
buflering device 200(3) are arranged to be symmetrical with
cach other, and horizontal vibration buflering device 200(2)
and horizontal vibration buflering device 200(4) are
arranged to be symmetrical with each other.

The springs S or dampers D constituting the horizontal
vibration buflering devices 200(1), 200(2), 200(3), and
200(4) may have the combinations as shown 1n Table 1.

FIG. 9 1llustrates the configuration of horizontal vibration
buflering devices of a washer according to a fifth embodi-
ment of the present mnvention.

The washer according to this embodiment and the washer
according to the third embodiment are identical to each other
in that horizontal vibration buflering device 100 1s con-
nected with outer tub 2 while forming an acute angle
therebetween, but differ from each other 1n that at least two
horizontal vibration bullering devices 100a(1) and 10056(1)
are connected with one corner C1, at least two horizontal
vibration buflering devices 100a(3) and 10056(3) are con-
nected with the comer C3 arranged to form opposite angles
with respect to the corner, and that there 1s provided another
horizontal vibration buflering device 1005(1) that forms an
acute angle (denoted ‘-a’ 1in FIG. 9) 1n an opposite direction
of an acute angle (denoted ‘+a’ in FIG. 9) between the
tangent to the circumierence of outer tub 2 and any one of
the two or more horizontal vibration buflering devices
connected with one corner C1.

The springs S or dampers D constituting the horizontal
vibration buflfering devices 100a(1), 1005(1), 100a(3), and
10056(3) may have the combinations as shown 1n Table 1.

FIG. 10 1llustrates the configuration of horizontal vibra-

tion buflering devices of a washer according to a sixth
embodiment of the present invention.
The same description given above in connection with the
fifth embodiment may likewise apply to the configuration
and mutual relation in arrangement between the plurality of
horizontal vibration buflering devices except that the hori-
zontal vibration buflering devices 200a(1), 20056(1), 200q
(3), and 20056(3) have supporting rod connecting parts J(R1)
and J(R3).

The supporting rod connecting parts J(R1) and J(R3) are
provided movably along supporting rods 15. For example,
any one of a piston and a cylinder constituting a damper may
be connected with outer tub 2, and the other may be
connected with supporting rod 15, so that the supporting rod
connecting parts J(R1) and J(R3) may be moved along
supporting rods 135 as the distance between the cylinder and
the piston varies.

Further, horizontal vibration buflering devices 200a(1),
2006(a), 200a(3), and 20056(3) may be rotated about sup-
porting rod connecting parts J(R1) and J(R3). I the sup-
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porting rod connecting parts J(R1) and J(R3) both move and
rotate, they have a degree of freedom of at least 2.

Among horizontal vibration buflering devices 100a(1),
10056(1), 100a(3), and 1005(3), the ones connected with
their opposite corners are arranged to be symmetrical with
cach other with respect to the center of outer tub 2. For
example, horizontal vibration buflering device 100a(1) and
horizontal vibration buflering device 100a(3) are arranged to
be symmetrical with each other, and horizontal vibration
buflering device 1005(1) and horizontal vibration buflering
device 1006(3) are arranged to be symmetrical with each
other.

The springs S or dampers D constituting horizontal vibra-
tion bullering devices 200a(1), 20056(1), 200a(3), and 20056
(3) may have the combinations as shown in Table 1.

FIG. 11 illustrates the configuration of horizontal vibra-
tion buflering devices of a washer according to a seventh
embodiment of the present invention.

In the washer according to this embodiment of the present
invention, horizontal vibration buflering devices 300 con-
nect outer tub 2 with side surfaces L of the cabinet. A

plurality of horizontal vibration buflering devices 300(1),
300(2), 300(3), and 300(4) may be provided to connect the

side surfaces L1, L2, L3, and L4 of main body 12 with outer
tub 2. The plurality of horizontal vibration bullering devices
are prelerably arranged to be symmetrical with each other
with respect to the center of outer tub 2.

Horizontal vibration buflering devices 300(1), 300(2),
300(3), and 300(4) have outer tub connecting parts and
casing connecting parts. Preferably, the outer tub connecting
parts are connected with an upper part U of outer tub 2.
Horizontal vibration buflering devices 300(1), 300(2), 300
(3), and 300(4) may have outer tub connecting parts J(N,,,
U), J(N;,, U), J(N,;, U), and J(N,,, U) connected with
upper part side nearby points (N,, U).

The casing connecting parts J(LL1), J(L2), J(LL3), and J(LL4)
are preferably connected with the upper parts of the side
surfaces L1, L2, L3, and L4 of main body 12. Here, the
“upper parts” of the side surfaces L1, .2, L3, and L4 of main
body 12 may be defined as portions which are higher than
the middle position M of outer tub 2.

The springs or dampers D constituting the horizontal
vibration buflering devices 300(1), 300(2), 300(3), and
300(4) may have the combinations as shown 1n Table 1.

FIGS. 12 to 24 referenced by the following embodiments
do not show all of the horizontal vibration buflering devices
constituting a washer but only representative ones that more
clearly show the features of each embodiment. Among the
components, some are denoted n, where n may be 1, 2, 3, or
4. What 1s illustrated 1n FIG. 2 applies to the components
distinguished from each other by their respective numerals.
For example, N, , in FIG. 12 may be defined as any one of
N, through N, of FIG. 2.

In the embodiments described 1n connection with FIGS.
12 and 13, a first horizontal vibration builering device
200(U) or 300(U) and a second horizontal vibration builer-
ing device 200(L) or 300(L) each having an end (outer tub
connecting part) connected with an upper part of outer tub
2 are provided, and according to an embodiment, the other
end of the first horizontal vibration buflering device 1is
connected with an upper part of supporting rod 15 or an
upper part of casing 10 while the other end of the second
horizontal vibration buflering device 1s connected with a
lower part of supporting rod 15 or a lower part of casing 10.
Here, the “lower part” of supporting rod 15 or casing 10 may
be defined as a portion that 1s lower than a middle position
M of outer tub 2.
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The first horizontal vibration buffering device 200(U) has
a supporting rod connecting part J(R,U) that moves 1n an
upper section of supporting rod 15, and the second horizon-
tal vibration builering device 200(L) has a supporting rod
connecting part J(R,L) that moves 1 a lower section as
compared with the first horizontal vibration buflering device
200(U).

The outer tub connecting parts of the first horizontal
vibration buflering device 200(U) and the second horizontal
vibration buflering device 200(L) are connected with an
upper part of outer tub 2. Although 1n FIG. 12 the first
horizontal vibration buflering device 200(U) and the second
horizontal vibration buflering device 200(L) have a common
outer tub connecting part J(N,. , U) connected with the
upper part of outer tub 2, the present invention 1s not limited
thereto, and according to an embodiment, the first horizontal
vibration buflering device 200(U) and the second horizontal
vibration buflering device 200(L) each may have 1ts own
outer tub connecting part.

While the outer tub connecting part J(N,, U) may be a
fixed connecting part that permits rotation of each of the
horizontal vibration buffering devices 200(U) and 200(L),
the supporting rod connecting parts J(R,U) and J(R,L) of the
horizontal vibration builering devices may be fixed connect-
ing parts or movable connecting parts that permit not only
rotation but also movement along supporting rod 15.

The supporting rod connecting parts J(R,U) and J(R,L),
whether they are fixed connecting parts or movable con-
necting parts, are arranged 1n an upper-lower direction with
respect to each other. In case each supporting rod connecting
part J(R,U) or J(R,L) 15 a fixed connecting part with respect
to supporting rod 15, the upper part and the lower part may
be distinguished from each other with respect to the fixed
position, but in case each supporting rod connecting part 1s
a movable connecting part, the supporting rod connecting
part J(R,U) of the first horizontal vibration buflering device
200(U) 1s allowed to move 1n an upper section as compared
with the supporting rod connecting part J(R,L) of the second
horizontal vibration buflering device 200(L).

According to another embodiment of the present inven-
tion, the first horizontal vibration buflering device 200(U)
and the second horizontal vibration buflering device 200(L)
cach may have a damper. In such case, the attenuation
constant of the first horizontal vibration buflering device
200(U) 1s preferably larger than the attenuation constant of
the second horizontal vibration buflering device 200(L) so
that a larger attenuation force may be generated by the first
horizontal vibration buflering device 200(U).

According to yet another embodiment, the first horizontal
vibration buflering device 200(U) may have a damper, and
the second horizontal vibration buflering device 200(LL) may
have a spring. In such case, vibrations are attenuated by the
first horizontal vibration buflering device 200(U), and the
spring of the second horizontal vibration builering device
200(L) provides an elastic force that restores the damper to
its original state.

According to still another embodiment, the first horizontal
vibration bullering device 200(U) and the second horizontal
vibration buflering device 200(L) each may have a damper
and a spring, so that the first horizontal vibration bullering
device 200(U) exerts a larger attenuation force than the
second horizontal vibration buflering device 200(L), and the
second horizontal vibration buflering device 200(L) has a
larger stiflness than the first horizontal vibration buflering
device 200(U). That 1s, assuming that the attenuation con-
stant and spring constant of the first horizontal vibration
buflering device 200(U) are ¢l and k1, respectively, and the
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attenuation constant and spring constant of the second FIG. 14 1s a view illustrating the configuration of hori-
horizontal vibration buffering device 200(L) are ¢2 and k2, zontal vibration buffering devices of a washer according to

respectively, the following relation 1s established: a tenth embodiment of the present invention.
c1>c2 k1<k2 . The washer according to this embodiment differs from the
FIG. 13 is a view illustrating the configuration of hori- washer according to the eighth embodiment in that the first
zontal vibration buffering devices of a washer according to hor %zontal Vi_bmﬁ_‘m bu Termg device 200(U) and the second
a ninth embodiment of the present invention. horizontal vibration buflering device 200(L) each are con-

Each casing connecting part is a fixed connecting part nected with a lower part of the outer tub 2, but the other
rotationally coupled with a side surface (L,) of main body ;, configurations are 1dentical. Accordingly, the above descrip-
12. The casing connecting part J(L, ,U) of the first horizontal tion applies to the same configurations, and the detailed
vibration buflering device 300(U) may be connected with an description of the same configuration 1s skipped.

upper part (L, ,U) at a side surface of main body 12, and the Meanwhile, the outer tub connecting parts J(N,., L") of

C?Sing. Conne?cti'ng part I(L,,L) ol the second horizgntal the first horizontal vibration buflering device 200(U) and the
vibration buffering device 300(L) may be connected with a ;5 second hornizontal vibration buffering device 200(L) are

lower part (L) at a side surface of main body 12. ositioned at an upper side as compared with where sup-
However, without being limited thereto, as long as a relative POST PP N P
arrangement may be specified in an upper-lower direction porting rods 15 are connected with outer tub 2 by vertical

vibration bufllering devices 30 (refer to FIG. 1) (hereinaftter,

between the casing connecting part J(L,,U) of the first ‘ ‘
horizontal vibration buffering device 300(U) and the casing -, reierred to as a supporting rod-outer tub connecting part).

connecting part J(L L) of the second horizontal vibration The laundry treatment apparatus according to the instant
buftering device 300(L), the position on the casing 10 where embodiment may more effectively scatter vibration or shock
cach casing connecting part 1s connected 1s not restricted. transferred from outer tub 2 by arranging the supporting rod

The description given above 1in connection with the eighth connecting parts J(R,U) and J(R,L) of the horizontal vibra-
embodiment may likewise apply to the combination and ,5 tion buffering devices 200(U) and 200(L) in an upper-lower

relation between the dampers and springs constituting the direction with respect to each other. In particular, the laundry
first horizontal vibration buffering device 300(U) and the  treatment apparatus may further enhance attenuation perfor-
second horizontal vibration buffering device 300(L), and mance regarding vibration generated from a lower part of
therefore the detailed description thereof 1s skipped. outer tub 2.

According to an embodiment of the present invention, the ;g
laundry treatment apparatus may more eflectively scatter
vibration or shock that 1s transferred from outer tub 2 by

arranging the supporting rod comlectmg parts J(R,U) and

J(R,L) of the horizontal vibration buffering devices 200(U) The washer :according t(? this embodi.ment Qi:fers from the
and 200(L) in an upper-lower direction with respect to each 5 washer according to the eighth embodiment in that the first

other. In particular, the laundry treatment apparatus may horizontal vibration buflering device 300(U) and the second

show further enhanced attenuation performance regarding horizont:fil Vibration‘ buffering device 300(}), respectivgly,
vibration generated from the upper part of outer tub 2. have casing connecting parts J(L,,,U) and J(L,,,L.), otherwise

Table 2 summarizes the combinations of the first hori- the other configurations are similar.

zontal vibration buflering device 200(U) or 300(U) and the 4,5  Since outer tub 2 1s hung by supporting rods 15 in the
second horizontal vibration buflering device 200(L) or 300 casing 10, pivoting 1s performed with respect to the casing
(L) as described above 1n connection with FIGS. 12 and 13. connecting parts J(Cn) of supporting rods 15. In this

FIG. 15 1s a view 1llustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
an eleventh embodiment of the present mnvention.

TABLE 2
Outer tub connecting Supporting rod
part (common 1n connecting part
eighth and ninth (e1ghth Casing connecting part
embodiments) embodiment) (ninth embodiment)
First horizontal vibration Upper part Upper part Upper part
buffering device (200(U),
300(U))
Second horizontal vibration Upper part Lower part Lower part
buffering device (200(L),
300(L))
55
In the following embodiments described in connection embodiment, since outer tub 2 1s connected with casing 10

with FIGS. 14 and 15, a first horizontal vibration buflering by the first hor %2011'[31 Vibrati‘crn bu: Termg device 300(U) and
device 200(U) and a second horizontal vibration buffering the second horizontal vibration buftering device 300(L.), the
device 200(L) each having an end (outer tub connecting attenuation force provided by the horizontal vibration buil-

60
part) connected with a lower part of outer tub 2 1s provided, ering devices 300(U) and 300(L.) may be directly exerted to

, _ S _ outer tub 2, and the pivoting at the casing connecting parts
while the other end of the first horizontal vibration buffering J(Cn) is also further restricted, thus leading to the overall

device 200(U) 1s connected with an upper part of supporting system being further stabilized.

rod 135 or an upper part of casing 10, and the other end of the Table 3 summarizes the combinations of the first hori-
second horizontal vibration buffering device 200(L) 1s con- 65 zontal vibration buffering device 200(U) or 300(U) and the
nected with a lower part of supporting rod 15 or a lower part second horizontal vibration bufltering device 200(L) or 300

of casing 10. (L) as described above 1n connection with FIGS. 14 and 15.
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(Ll
(s

Outer tub connecting
part (common 1n
tenth and eleventh

embodiments)

Supporting rod
connecting part

First horizontal vibration Lower part Upper part
buffering device (200(U),

300(U))

Second horizontal vibration Lower part Lower part

buffering device (200(L),
300(L))

FIG. 16 1s a view 1llustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
a twellth embodiment of the present invention.

In this embodiment, the washer includes a vertical vibra-
tion bullering device 30’ connecting an upper part of outer
tub 2 with an upper part of casing 10 and a horizontal
vibration buflering device 400 ccnncctlng a lower part L of
outer tub 2 with a lower part of casing 10.

Vertical vibration buflering device 30' extends substan-
tially 1n a vertical direction to mitigate vertical vibration of
outer tub 2. Vertical vibration buflering device 30' may
include at least one of a spring and a damper. Vertical
vibration buil

ering device 30' may be actually implemented
by upwardly moving a position where supporting rod 15 1s
connected with outer tub 2. Vertical vibration builering
device 30' may include a casing connecting part J(U) pi1v-
otably connected with top cover 14.

Horizontal vibration buflering device 400 connects the
lower part of outer tub 2 with the lower part of casing 10.
Horizontal vibration buflering device 400 may include an
outer tub connecting part J(L) connected with a side surface
of outer tub 2 and a casing connecting part J(B) connected
with base 19 of casing 10. The outer tub connecting part J(L.)
may be rotatably coupled with outer tub 2, and the casing
connecting part J(B) may be rotatably connected with casing
10.

In particular, since the washer according to this embodi-
ment 1s hung by vertical vibration bullering device 30' in
casing 10, the center of mass of outer tub 2 1s positioned
lower than the upper part of outer tub 2 connected with
vertical vibration buflering device 30'. Accordingly, larger
horizontal vibration 1s generated at the lower part of outer
tub 2, and to mitigate the vibration, horizontal vibration
buflering device 400 1s connected with the lower part of
outer tub 2.

Horizontal vibration buflering device 400 may include at
least one of a spring and a damper. The direction along
which the spring or damper causes a displacement forms a
predetermined angle ® with respect to the vertical direction.
Here, ® 1s an acute angle.

FIG. 17 1s a view 1llustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
a thirteenth embodiment of the present invention.

The washer according to this embodiment includes a
horizontal vibration bufiering device 500 connecting an
upper part of outer tub 2 with an upper part of casing 10 and
a vertical vibration buflering device 30" connecting a bottom
of outer tub 2 with base 19 of casing 10.

Vertical vibration buflering device 30" extends substan-
tially 1n a vertical direction to mitigate vertical vibration of
outer tub 2. Vertical vibration buflering device 30" may
include at least one of a spring and a damper.

Horizontal vibration buflering device 300 connects the
upper part of outer tub 2 with the upper part of casing 10.
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Casing connecting part
(tenth embodiment) (eleventh embodiment)

Upper part

Lower part

Horizontal vibration buflering device 500 may include an
outer tub connecting part J(N ., ,U) connected with the upper
part of outer tub 2 and a casing ccnncctlng part J(U)
connected with the upper part of casing 10. The outer tub
connecting part J(N,,U) may be rotatably connected with
respect to outer tub 2, and the casing connecting part J(U)
may be pivotably connected with respect to pivot support 16.

Horizontal vibration butlering device 500 may include at
least one of a spring and a damper. The direction along
which the spring or damper causes a displacement forms a
predetermined angle ® with respect to the vertical direction.
Here, ® 1s an acute angle.

FIG. 18 1s a view 1llustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
a fourteenth embodiment of the present invention.

The washer according to the instant embodiment includes
a horizontal vibration buflering device 400 connecting an
upper part of outer tub 2 with a bottom of casing 10. The
outer tub connecting part J(U) of horizontal vibration bufl-
ering device 400 1s positioned at a higher side than the
supporting rod-outer tub connecting part J(N,, L).

Horizontal vibration buflering device 400 may include at
least one of a damper and a spring, and the direction along
which the spring or damper causes a displacement forms a
predetermined angle © with respect to the vertical direction.
Here, ® 1s an acute angle.

Horizontal vibration butflering device 400 according to
this embodiment may not only attenuate horizontal vibration
at an upper part of outer tub 2, but horizontal vibration
buflering device 400, together with vertical vibration buil-
ering device 30 (refer to FIG. 1) provided at supporting rod
15, also provides an attenuation force against the vertical
vibration of outer tub 2. In particular, 1n case horizontal
vibration buflering device 400 includes a spring, the exten-
sion and contraction of the spring 1s made 1 an opposite
direction of the spring of the vertical vibration bullering
device 30. Thus, the bullering operation may be more stably
performed. For example, when outer tub 2 1s displaced to a
lower part by vibration, the length of horizontal vibration
buflering device 400 shrinks but the spring of the vertical
vibration buflering device 30 extends. When outer tub 2 1s

displaced to an upper part, the opposite situation occurs.
Accordingly, stability and stiff:

ness may be secured for both
upper and lower directions of outer tub 2.

FIG. 19 1s a view 1llustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
a fifteenth embodiment of the present invention.

The washer according to this embodiment includes an
upper horizontal vibration buflering device 200(U) and a
lower horizontal wvibration buflering device 200(L) that
respectively mitigate vibration at an upper part and a lower
part of outer tub 2.
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Each of the horizontal vibration builering devices 200(U)
and 200(L) has an outer tub connecting part and a supporting
rod connecting part.

The outer tub connecting part J(N ., ,U) of upper horizon-
tal vibration builering device 200(U) may be connected with
an upper corner facing pomnt N .U of outer tub 2. The
horizontal vibration at the upper part of outer tub 2 1s

reduced primarily by upper horizontal vibration buflering
device 200(U).

The outer tub connecting part J(N ., ,L.) of lower horizon-
tal vibration buflering device 200(L) may be connected with
a lower comer facing pomnt N .. of outer tub 2. The
horizontal vibration at the upper part of outer tub 2 1s
reduced primarily by lower horizontal vibration buflering

device 200(L).

The supporting rod connecting part J(R,U) of upper
horizontal vibration buflering device 200(U) 1s connected to
supporting rod 15 at a lower side as compared with the
supporting rod connecting part J(R,L) of lower horizontal
vibration buflering device 200(L). Fach supporting rod
connecting part J(R,U) and J(R,L) may be rotatable with
respect to the horizontal axis while fixed to a position on
supporting rod 15. However, the present invention 1s not
limited thereto. Preferably, each supporting rod connecting
part J(R,U) and J(R,L) may be rotatable with respect to the
horizontal axis while movable along supporting rod 185.
Even 1n such case, however, the supporting rod connecting
part J(R,U) of upper horizontal vibration buflering device
200(U) 1s moved 1n an upper section as compared with the
supporting rod connecting part J(R,L) of lower horizontal
vibration buflering device 200(L).

Each horizontal vibration buflering device 200(U) and
200(L) may include at least one of a spring and a damper.

According to an embodiment, upper horizontal vibration
buflering device 200(U) and lower horizontal vibration
buflering device 200(L) each may have a damper. In such a
case, the attenuation constant of upper horizontal vibration
buflering device 200(U) 1s preferably larger than the attenu-
ation constant of lower horizontal vibration buflering device
200(L) so that a larger attenuation force may be generated by
upper horizontal vibration buflering device 200(U).

According to another embodiment, upper horizontal
vibration buffering device 200(U) may include a damper,
and lower horizontal vibration buflering device 200(L) may
include a spring. In such a case, vibration is attenuated by
the upper horizontal vibration buflering device 200(U), and
the spring of lower horizontal vibration buflering device
200(L) provides an elastic force that returns the damper to
its original state.

According to still another embodiment, upper horizontal
vibration buffering device 200(U) and lower horizontal
vibration builering device 200(L) each include a damper and
a spring, so that upper horizontal vibration butlering device
200(U) exerts a larger attenuation force than lower horizon-
tal vibration builering device 200(L) while the lower hori-
zontal vibration bufllering device 200(L) provides a larger
stiflness than upper horizontal vibration buflering device
200(U). Assuming that the attenuation constant and spring
constant of upper horizontal vibration buflering device 200
(U) are ¢l and k1, respectively, and the attenuation constant
and spring constant of lower horizontal vibration bullering
device 200(L) are c2 and k2, respectively, the following
relation 1s established:

cl>c2 k1<k2
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FIG. 20 1s a view illustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
a sixteenth embodiment of the present invention.

The washer according to this embodiment includes a
horizontal vibration buil ermg device 500 connecting a sup-
portmg rod 15 with a casing 10. Horizontal vibration buil-
ering device 500 may include a supporting rod connecting
part J(R) connected to be movable along supporting rod 135
and a casing connecting part J(L U) fixedly connected to
casing 10.

The supporting rod connecting part J(R) may be not only
movable along supporting rod 15 but also rotatable with
respect to the horizontal axis. Horizontal vibration buflering,
device 500 may include at least one of a damper and a
spring, and 1n particular when horizontal vibration buflering
device 500 includes a damper, the horizontal vibration of
outer tub 2 1s attenuated by an attenuation force from the
damper.

Considering the structure in which the lower part of outer
tub 2 1s connected with supporting rod 15, a large displace-
ment occurs due to vibration at the upper part of the outer tub
2. Accordingly, the casing connecting part J(L, ,U) 1s prel-
erably connected with an upper part U of a side surface L
of main body 12.

FIG. 21 1s a view 1llustrating the configuration of hori-
zontal vibration bullering devices of a washer according to
a seventeenth embodiment of the present invention.

The washer according to this embodiment includes an
upper horizontal vibration buflering device 500(U) and a
lower horizontal vibration buflering device 300(L) each
connecting supporting rod 15 with casing 10.

Upper horizontal vibration buflering device 500(U) and
lower horizontal vibration buflering device 300(L) each
have a supporting rod connecting part and a casing connect-
ing part.

The supporting rod connecting part J(R,U) of upper
horizontal vibration buflering device 500(U) 1s connected
with supporting rod 15 at an upper side as compared with the
supporting rod connecting part J(R,L.) of lower horizontal
vibration buflering device 300(L). Each supporting rod
connecting part J(R,U) and J(R,L) may be rotatable with
respect to the horizontal axis while fixed to a position on
supporting rod 15. However, the present invention 1s not
limited thereto. Preferably, each of the supporting rod con-
necting parts J(R,U) and J(R,L.) may be movably provided
along the supporting rod 15, so as to be rotatable with
respect to the horizontal axis. Even 1n such case, however,
the supporting rod connecting part J(R,U) of upper horizon-
tal vibration bullering device 500(U) 1s moved 1n an upper
section as compared with the supporting rod connecting part
J(R,L) of lower horizontal vibration buflering device 500
(L).

The casing connecting part J(L,,U) of upper horizontal
vibration buflering device 200(U) may be connected with an
upper part of casing 10. Preferably, the casing connecting
part J(L,,U) 1s connected with an upper part U of a side
surface Ln of main body 12.

The casing connecting part J(L, ,LL) of the lower horizontal
vibration buflering device 200(L) may be connected with a
lower part of the casing 10. Preferably, the casing connecting
part J(L ,U) 1s connected with a lower part L of the side
surface L, of the cabinet 12.

Each of the horizontal vibration buflering devices 200(U)
and 200(L) may include at least one of a spring and a
damper.

According to an embodiment, upper horizontal vibration
buflering device 200(U) and lower horizontal vibration
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buflering device 200(L) each may include a damper. In such
a case, the attenuation constant of upper horizontal vibration
buflering device 200(U) 1s preferably larger than the attenu-
ation constant of lower horizontal vibration buflering device
200(L) so that a larger attenuation force may be generated by
upper horizontal vibration buflering device 200(U).

According to another embodiment, upper horizontal
vibration buflering device 200(U) may include a damper,
and lower horizontal vibration buflering device 200(L) may
include a spring. In such a case, vibration is attenuated by
upper horizontal vibration buflering device 200(U) and the
spring of lower horizontal vibration buflering device 200(L)
provides an elastic force that returns the damper to its
original state.

According to still another embodiment, each of the upper
horizontal vibration buffering device 200(U) and the lower
horizontal vibration buffering device 200(L) includes a
damper and a spring, so that upper horizontal vibration
buflering device 200(U) exerts a larger attenuation force as
compared with lower horizontal vibration buflering device
200(L), while lower horizontal vibration buflering device
200(L) provides a larger stiflness than upper horizontal
vibration buflering device 200(U). In other words, assuming,
the attenuation constant and spring constant of upper hori-
zontal vibration buflering device 200(U) are ¢l and ki,
respectively, and the attenuation constant and spring con-
stant of lower horizontal vibration buflering device 200(L)
are ¢2 and k2, respectively, the following relation 1s estab-

lished:

cl>c2 k1<k2

FIG. 22 1s a view illustrating the configuration of hori-
zontal vibration buflering devices of a washer according to
an eighthteenth embodiment of the present invention.

The washer according to this embodiment include an
upper horizontal vibration buflering device 500 and a lower
horizontal vibration buflering device 200.

Any one of the upper horizontal vibration buflering
device 500 and the lower horizontal vibration buflering
device 200 has an outer tub connecting part J(N_, ,L.") and a
supporting rod connecting part J(R,L), and the other has a
supporting rod connecting part J(R,U) and a casing connect-
ing part J(L, ,U).

The supporting rod connecting part J(R,U) of upper
horizontal vibration buflering device 500 1s connected with
supporting rod 15 at an upper side as compared with the
supporting rod connectmg part J(R,U) of lower horizontal
vibration buflering device 200. Each supporting rod con-
necting part J(R,U) and J(R,L) may be rotatable with respect
to the horizontal axis while fixed to a position on supporting,
rod 15. However, the present invention 1s not limited thereto.
Preferably, the supporting rod connecting parts may be
provided movably along supporting rod 15 so as to be
rotatable with respect to the horizontal axis. Even in such
case, however, the supporting rod connecting part J(R,U) of
upper horizontal vibration buflering device 500 1s moved in
an upper section as compared with the supporting rod
connecting part J(R,L) of lower horizontal vibration builer-
ing device 200.

Each horizontal vibration buflering device 500 and 200
may include at least one of a spring and a damper.

Meanwhile, the outer tub connecting part J(N, L") of
lower horizontal vibration bullering device 200 1s positioned
at an upper side as compared with the supporting rod-outer
tub connecting part J(N_,,.L.) where supporting rod 15 1s
connected with outer tub 2 by a vertical vibration bufllering

device 30 (refer to FIG. 1).
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The casing connecting part J(L,,U) may be connected
with the upper part of casing 10. Preferably, the casing
connecting part 1s connected with the upper part at a side
surface L., of main body 12.

Preferably, 1n case any one of upper horizontal vibration
buflering device 500 and lower horizontal vibration builer-
ing device 200 includes a damper, the other includes a spring
that offers an elastic force to return the damper to 1ts original
position. Since the attenuation force (or elastic force)
exerted by upper horizontal vibration buflering device 500 1s
oriented substantially 1n parallel with the elastic force (or
attenuation force) exerted by lower horizontal vibration
buflering device 200, the elastic energy retained in the
spring may be more effectively used to bring the damper to
its original position.

The laundry treatment apparatus according to the embodi-
ments of the present imnvention may reduce the horizontal
vibration of the outer tub.

Further, the laundry treatment apparatus according to the
embodiments of the present invention may increase capacity
of the outer tub.

Still further, the laundry treatment apparatus according to
the embodiments of the present mmvention may prevent
collision between the outer tub and the casing, thus leading
to an enhancement in durability and prevention of abnormal
noise.

Yet still further, the laundry treatment apparatus according
to the embodiments of the present invention may quickly
attenuate vibration of the outer tub even when the laundry 1s
rendered eccentric to a certain degree, thus reducing the
driving time to distribute the laundry. Accordingly, consid-
ering the fact that a laundry distribution operation 1s typi-
cally performed for changing the positions of the laundry 1n
the inner tub 1n order to control the vibration of the outer tub
to a predetermined level or lower for entrance into the
dehydration process, the time required for entering into the
dehydration process may be reduced.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention.

What 1s claimed 1s:

1. A laundry treatment apparatus, comprising:

a casing;

an outer tub suspended in the casing;

a pair of supporting rods respectively coupling opposite
corners of the casing with a lower part of the outer tub;
and

a pair ol horizontal vibration buflering devices arranged
to form opposite angles relative each other in the
casing, the horizontal vibration bullering devices each
coupling the supporting rod and each having a portion
coupled with the outer tub to be displaced relative a
portion coupled with the supporting rod as the outer tub
vibrates,

wherein the pair of horizontal vibration builering devices
cach provide an attenuation force according to the
displacement, and

wherein, for each horizontal vibration bullering device, a
virtual line from the portion coupled with the outer tub
to the portion coupled with the supporting rod forms an
acute angle with respect to a tangent of a circumierence
of the outer tub 1n a stationary state, at a position where
the horizontal vibration buflering devices 1s connected,

wherein the portion coupled with the outer tub 1s rotatable
about a substantially vertical axis.
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2. The laundry treatment apparatus of claim 1, wherein
cach of the pair of horizontal vibration builering devices
COmMprises:

a casing connecting part coupled to a corner of the casing;

an outer tub connecting part coupled to the outer tub, the
outer tub connecting part having a displacement rela-
tive the casing connecting part as the outer tub vibrates;
and

a damper providing an attenuation force according to the
displacement of the outer tub connecting part relative
the casing connecting part.

3. The laundry treatment apparatus of claim 2, further

comprising:

a supporting rod suspending the outer tub to the casing,
the supporting rod having an end coupled to a corner of
the casing; and

a vertical vibration buflering device coupling another end
of the supporting rod with a lower part of the outer tub,
the vertical vibration bufllering device mitigating ver-
tical vibration of the outer tub,

wherein a position where the outer tub connecting part 1s
coupled to the outer tub 1s vertically higher than the
position where the supporting rod 1s coupled to the
outer tub.

4. The laundry treatment apparatus of claim 2, wherein a
line connecting the outer tub connecting part with the casing
connecting part 1s perpendicular to a tangent of a circum-
ference of the outer tub at a position where the outer tub
connecting part 1s connected.

5. The laundry treatment apparatus of claim 2, wherein a
line connecting the outer tub connecting part with the casing
connecting part forms an acute angle with respect to a
tangent ol a circumierence of the outer tub at a position
where the outer tub connecting part 1s connected.

6. The laundry treatment apparatus of claim 1, wherein
cach of the pair of horizontal vibration buflering devices
COmprises:

a supporting rod connecting part coupled to the support-

ing rod;

an outer tub connecting part coupled to the outer tub and
having a displacement relative the supporting rod con-
necting part as the outer tub vibrates; and

a damper providing an attenuation force according to the
displacement of the outer tub connecting part relative
the supporting rod connecting part.

7. The laundry treatment apparatus of claim 6, wherein the
supporting rod connecting part 1s moveable along the sup-
porting rod.

8. The laundry treatment apparatus of claim 7, wherein the
supporting rod connecting part rotates relative a horizontal
axis.

9. The laundry treatment apparatus of claim 6, wherein a
line connecting the outer tub connecting part with the
supporting rod connecting part 1s perpendicular to a tangent
of a circumierence of the outer tub at a position where the
outer tub connecting part 1s connected.

10. The laundry treatment apparatus of claim 6, wherein
at least one of the pair of horizontal vibration builering
devices further comprises:

a spring providing an elastic force according to the
displacement of the outer tub connecting part relative
the casing connecting part.

11. The laundry treatment apparatus of claim 2, wherein

a position where the outer tub connecting part of any one
horizontal vibration bullering device of the pair of horizon-
tal vibration buflering devices 1s connected with the outer
tub 1s symmetrical with a position where the outer tub
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connecting part of the other horizontal vibration builering
device of the pair of horizontal vibration buflering devices
1s connected with the outer tub, relative a center of the outer
tub.

12. The laundry treatment apparatus of claim 2, wherein
the damper of any one horizontal vibration buflering device
of the pair of horizontal vibration buffering devices has the
same attenuation constant as the damper of the other hori-
zontal vibration buflering device of the pair of horizontal
vibration buflering devices.

13. A laundry treatment apparatus, comprising:

a casing;

an outer tub suspended in the casing;

four supporting rods respectively coupling four corners of

the casing with a lower part of the outer tub; and
four horizontal vibration bullering devices,

wherein a pair of the horizontal vibration bullering

devices are arranged 1n the casing to face another pair
of the horizontal vibration bullering devices to form
opposite angles relative each other, each of the hori-
zontal vibration buflering devices coupling the support-
ing rod with the outer tub,

wherein a portion of each horizontal vibration builering

device connected with the outer tub relative a portion of
cach horizontal vibration bufllering device connected
with the supporting rod has a displacement as the outer
tub vibrates,

wherein each of the four horizontal vibration buflering

devices provides an attenuation force according to the
displacement, and
wherein, for each horizontal vibration buflering device, a
virtual line from the portion coupled with the outer tub
to the portion coupled with the supporting rod forms an
acute angle with respect to a tangent of a circumierence
of the outer tub 1n a stationary state, at a position where
the horizontal vibration buflering devices 1s connected,

wherein the portion coupled with the outer tub 1s rotatable
about a substantially vertical axis.

14. The laundry treatment apparatus of claim 13, wherein
cach of the four horizontal vibration buflering devices

COmMprises:

a casing connecting part coupled to a corner of the casing;;

an outer tub connecting part coupled to the outer tub, the
outer tub connecting part having a displacement rela-
tive the casing connecting part as the outer tub vibrates;
and

a damper providing an attenuation force according to the
displacement of the outer tub connecting part with
respect to the casing connecting part.

15. The laundry treatment apparatus of claim 14, wherein
cach of a pair of horizontal vibration bullering devices are
arranged to form opposite angles relative each other in the
casing and each further comprises:

a spring providing an elastic force according to the
displacement of the outer tub connecting part relative
the casing connecting part.

16. The laundry treatment apparatus of claim 14, wherein
any one of a pair of horizontal vibration buflering devices
arranged to form opposite angles relative each other 1n the
casing further comprises:

a spring providing an elastic force according to the
displacement of the outer tub connecting part relative
the casing connecting part.

17. The laundry treatment apparatus of claim 14, further

comprising;
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a supporting rod suspending the outer tub to the casing,
the supporting rod having an end coupled to a corner of
the casing; and

a vertical vibration buflering device coupling another end
of the supporting rod with a lower part of the outer tub, 5
the vertical vibration bufllering device mitigating ver-
tical vibration of the outer tub,

wherein a position where the outer tub connecting part 1s
coupled to the outer tub 1s vertically higher than the
position where the supporting rod 1s coupled to the 10
outer tub.

18. The laundry treatment apparatus of claim 13, wherein
cach of the four horizontal vibration builering devices
COmMprises:

a supporting rod connecting part coupled to the support- 15

ing rod;

an outer tub connecting part coupled to the outer tub and
having a displacement relative the supporting rod con-
necting part as the outer tub vibrates; and

a damper providing an attenuation force according to the 20
displacement of the outer tub connecting part relative
the supporting rod connecting part.

19. The laundry treatment apparatus of claim 18, wherein
the supporting rod connecting part i1s moveable along the
supporting rod. 25

20. The laundry treatment apparatus of claim 19, wherein
the supporting rod connecting part rotates relative a hori-
zontal axis.

21. The laundry treatment apparatus of claim 14, wherein
the dampers of the four horizontal vibration buflering 30
devices have the same attenuation constant.
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